The glass series of samarium nanoparticles (NPs) doped zinc borotellurite glasses were successfully fabricated by using conventional melt-quenching technique. The structural properties of the prepared glasses were investigated by X-ray diffraction (XRD) analysis and FTIR analysis. It was confirmed that the prepared glasses are amorphous in nature. The bonding parameters of the glasses were analyzed by using FTIR analysis and were found the formation of non-bridging oxygen. The density of these glasses were measured and found to be increased with increasing samarium NPs content. The optical absorption spectra of these glasses were revealed that the fundamental absorption edge shifts to higher wavelengths as the content of Sm 2 O 3 (NPs) increases. The optical energy band gap are found to be decreased linearly with an increasing samarium NPs concentration which is due to the formation of non-bridging oxygen in the glass system.
Introduction
Tellurium dioxide (TeO 2 ) based glass are of scientific and technological interest because of their several useful properties such as good transparency in the visible and infrared regions, high dielectric constants, high refractive index and low melting temperatures [1, 2] . The non-linear optical properties of these glasses are suitable for photonic applications such as optical modulators and memories [3] .
Zinc oxide (ZnO) is an environmentally friendly and technologically important semi-conductor [4] . Due to a unique combination of electrical and optical properties, it is one of the most attractive semiconductors [5] . It is a wide gap semiconductor having an optical band gap in the UV region that makes it an efficient UV absorber [5] ZnO can be synthesized in a wide range of particle sizes and shapes. Nanomaterials are known to have exceptional optical and electronic properties and these interesting properties are being used in various electronic and optical devices [6, 7] . The unique structure of nanomaterials has opened up a new dimension for development of nanotechnology applications. The nano size particles have been known to give significant effect on semiconductor due to their dependency on size particles [8] .The Nano size of samarium oxide are of particular interest due to their Nano-size effects, interfacial effects, quantum size effects and tunneling effects [9] .
Research Methodology
The samarium nanoparticles (NPs) doped zinc borotellurite glass system with chemical composition, were weighed by using digital weighing machine with accuracy of ±0.0001g. All the weighed chemicals with composition of about 13 g were mixed thoroughly and transferred to alumina crucible. The mixtures in alumina crucible were then transferred to electrical furnace and were preheat at 400 o C for 30 minutes for annealing process. The alumina crucible was moved to the second furnace at 900 °C in 2 hours for melting process. The melts were quenched by pouring the molten into stainless steel split mould which had been preheated at 400 °C. The mould were then transferred to the first furnace at 400 o C for 2 hours to remove the formation of air bubbles, thermal stress and improve the mechanical strength. The prepared glasses were cooled down to room temperature by switching off the furnace. The prepared glass samples were cut at a thickness of 2 mm by using Isomet Buehler low speed saw machine. The sample was polished with various types of sand papers, 4000 grid, 1500 grid and 1000 grid to acquire smooth surface.
Density of the glass samples were determined by using liquid displacement method of Archimedes principle [10] . Distilled water was used as the immersion liquid and the digital weighing machine was used to calculate the mass of the prepared glass samples. The optical absorption was recorded by using UV-1650PC UV-Vis Spectrophotometer (Shimadzu) in the wavelength range 190-990 nm. The data of measurement were calculated by using different equation for their optical energy gap and absorption coefficient
Results and discussion

Physical properties
Density
The density of the glasses are found to be increased with increasing concentration of Sm 2 O 3 (NPs) as shown in Figure 1 . This is caused by the increasing number of non-bridging oxygen in the glass system. The large number of atomic mass of samarium compared to tellurite leads to the increasing trend of density. In general, solubility of materials increases in accordance with the decrease of the atomic radius of the rare earth metal [11] . Greenwood reported that, high solubility of the smaller particles results the particles to be distributed uniformly throughout the bulk materials [12] . 
Fourier Transform Infrared Analysis (FTIR)
The FTIR spectra for various glass samples of zinc borotellurite glasses doped with samarium (NPs) are shown in Figure 3 . The transmission spectra of the prepared glass samples are recorded with different composition of samarium (NPs) oxide. The FTIR spectra of the prepared glass samples are recorded in the range of 300 -4000cm -1 . The FT-IR spectra of the present glasses are characterized by intense absorption bands in the frequency regions. The 296-312 cm -1 band is assigned to the bending vibrations of zinc oxide, Zn-O linkages [ZnO] . The next bands of 636-649 cm -1 is corresponds to the TeO 3 trigonal pyramid units [13] . The peaks located in the 1221-1227cm -1 range is assigned to B-O stretching vibrations in BO 3 units from boroxol rings and [14, 15] . The absorption band centred at 640cm -1 is the characteristic of pure TeO 2 glass [16, 17] . 
Optical Properties
The absorption spectra at room temperature for all investigated glasses are shown in Figure 4 . It is obvious that the absorption edges of the prepared glasses are shifted to the longer wavelength which is due to the presence of the Sm 2 O 3 nanoparticles. Moreover, it can be seen that the shift increases with increasing concentration of Sm 2 O 3 nanoparticles. One possible reason is that there is a change in the glass bonding structure because during melt quenching process from the liquid to the glassy [18] . The absorption edge is affected by the oxygen bond strength in the glass system. The obtained data shows the change of the oxygen bond strength in the glass system. The change of the absorption edges may be due to the less rigidity of the glass system [10] . Figure 5 . The band gap of samarium NPs doped glass was found to be decreased with an increase of samarium NPs [19] . This behaviour can be explained by the structural changes in the glass system [20] . The number of non-bridging oxygen increases with an increase of Sm 2 O 3 NPs content. This is in accordance with the previous data of FTIR which shows the formation of trigonal pyramidal, TeO 3 structural units in the glass system. The presence of non-bridging oxygen contributes to the increasing number of free electrons in the glass system. This will reduce the width of band gap between conduction band and valence band which results to the decreasing number of band gap energy [20, 21] . 
Conclusion
The density of the prepared glass samples were found to be increased with an increase content of samarium NPs which is due to the low solubility of samarium (NPs). The amorphous nature of the glass samples was confirmed by X-ray diffraction (XRD) method. The FTIR spectra revealed the formation of trigonal pyramidal TeO 2 and BO 3 structural units in the glass system. The decreasing value of the band gap energy is due to the broadening of the valence band or multivalence structures in the presence of Sm 3+ ions.
